Of the 544 hubs in the U.S., only 28 accounted for 73.03% of passenger enplanements in 1989. (Transponation Research Board, 1988 
INTRODUCTION
The phenomenon of hubbing has been on the rise since airline deregulation in 1978. The nowfamiliar pattern of multiple links emanating from a handful of hub airports has replaced the seeming hodgepodge that characterized many network systems under regulation. Hubbing occurs when airlines concentrate flights at a few airports that they use as collection-distribution centers for their passengers. Unlike the situation in the early days, when airlines had to make technical refueling stops, today's hubbing is motivated by the economic advantages of increased flight frequencies and by the economic advantage of operating larger aircraft. By consolidating passengers through a few selected airport hubs, an airline takes advantage of the resulting higher traffic volumes by operating relatively large and efficient aircraft; thus enjoying the economies of aircraft size (Kanafani & Ghobrial 1982) . The airline can also raise the frequency of service it offers passengers to offset the increased travel time occasioned by the need to transfer. Moreover, by concentrating aircraft operations at a few hubs, an airline can JAAER, Spring 1992 dominate those hubs and take advantage of the phenomenon of the S-curve disproportionality between its enplanement share and frequency share at the hub airport; an airline with higher frequency share will capture even a higher enplanement share than its frequency share, and conversely, (Miller, 1979 , Ghobrial, 1991 .
By dominating a hub an airline can also charge higher airfares to passengers originating from the hub region; thus, an airline can achieve higher profits. Using time-series data for a number of airlines (Ghobrial, 1991) found a positive and statistically significant relationship between an airline profitability index (measured by the percentage of airline profits divided by its revenue) and its frequency share at the main hub.
Despite the inconvenience of transfer at the hub airport and the possibility of missing a connecting flight or losing baggage at the destination airport, hubbing has many benefits to passengers. For instance, passengers flying in thin traffic markets may not enjoy low airfares or flying in large jets if the airlines were to fly them nonstop between the end cities. Small airplanes cost more per-seat mile to operate and may require multiple technical stops for refueling. In fact, through multiple hub systems, passengers from small cities (e.g., Mobile, Alabama; Athens, Georgia; Greenville, South Carolina; etc.) can fly to any small and large cities in the world with relatively low airfares. Through connecting at a hub, passengers can also enjoy the convenience of frequent flights to and from that hub. This usually results in lower schedule delay which is defined as the waiting time between a passenger's most desirable departure time and the actual scheduled flight (Douglas & Miller, 1974) . Flying large-size jets also increases the chances of finding a seat on the passenger's desired flight.
NEGATIVE IMPACTS OF CONCENTRATION
While hubbing seems to benefit airlines, and offers some advantages to passengers, excessive concentration at the hub may result in some negative economic impact, including congestion delay. As aircraft volume approaches the capacity of the hub airport congestion delay increases rapidly, which may outweigh some of the bene- Hartsfield may still be able to depart on time for its next flight leg; thus, the extra airbome crew cost is, to some extent, compensated for by less ground time. Ukewise, a departing flight can be held at the gate with engines shut off until it is allowed to taxi out; thus little costs are incurred. To simplify the analysis, we assume that for arriving aircraft, airlines incur additional costs for crew and flight attendants, fuel for circulating around the airport, and maintenance. For simplicity, assuming that aircraft are held at the gates, we ignore the delayrelated costs for departing aircraft. This is a more conservative approach since it is common to see aircraft queuing on the taxiways leading to runway thresholds for .take-off. Based upon the above assumptions, the congestion delay cost for an airline is formulated as: To simplify the analysis further, we consider two time periods: peak and off-peak periods. Flights during peak periods are estimated as the sum of morning peak flights (i.e., between 6:01 and 9:00 am) and evening peak (i.e., between 4:01 and 7:00 pm). Off-peak flights are calculated as the sum of those operated before 6:01 am, between 9:01 am and 4:00 pm, and after 7:00 pm. for aircraft arriving at Atlanta Hartsfield Airport during peak and off-peak periods. Table 1 shows an interesting result: congestion delays are almost equal during peak and off-peak periods. This finding demonstrates that traffic distribution at major hubs is almost uniform throughout the day; the morning and evening peaks are not particularly pronounced. This phenomenon can be interpreted JAAER, Spring 1992 in two ways. First. because of scarcity of resources (i.e.• runway capacity. terminal facilities. etc.). airlines shift some of their operations away from the peak periods given that congestion costs during these periods would outweigh some of the economic benefits of increased passenger demand. Second. most airlines adopt a lbanking l scheduling scheme for their aircraft operations at connecting hubs; aircraft arrive at a certain period followed by a bank of departures. The repetitions of this scheduling pattem during the day will likely result in a relatively uniform distribution of aircraft operations at the hub. later in this paper (Table 2) we will see that airlines tend to fly larger aircraft during peak periods to meet the relatively high demand for air travel during these periods.
To Table 2 shows that airlines tend to fly relatively larger aircraft during peak periods.
- Because of the difficulties of assessing the exact delay pattem for connecting passengers we ignore the effects of delay on those passengers. Again, this is a more conservative approach and the estimated delay cost in this study is merely a demonstration of the minimum impact of delay on passengers. The delay cost to passengers is given as: for the peak and off-peak periods. Note that the values of delays for arriving aircraft during these periods were already estimated as shown in Table 1 . Using data for 308 non-stop flights (of which 181 were during 
